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We report the experimental results obtained at Adone by the
MEA Group on the J/% (3100) decay into lepton pairs, Preliminary re-
sults on the integrated cross sections for the channels ete-— hadrons,
w e, e*e~ have been reported(l). In this paper, we give results on the
eTe- and ptu- pairs angular distributions and on the partial decay widths,
These results turn out to be compatible with a JPC=1q-- assignement(z)
for the J/v (3100).

The Magnet Group experimental set-up (Fig, 1) is describedin
detail in ref, (1). We recall here briefly the angular acceptance of the ex-
perimental apparatus and the event identification criteria used in the ana-
lysis., The solid angle covered by the apparatus for point like source is
AQ, =0, 4x 4o (40° £ 8 £140°) for momentum analysis, and AQyN =0,27x
x 4% for particle identification, :

Events from the reaction e’e~—» ete- are identified by requi

ring two colinear ( 46 € 109), coplanar (Ap<£10°) particles in the appara-
tus with opposite charges, In addition one request :
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FIG, 1 - Vertical section of the experimental apparatus.

Cl,'C'l are narrow gap spark chambers; Co, C"z are wide
gap cylindrical spark chambers for momentum analysis;
Ca, C'3 arethick plate spark chambers for particles iden
tification, M, W, P, C, are multiwire proportional cham-
‘ber-sy; S1s...94 are scintillation counters.

a) the proper position of the source point

b) a correct timing of the event with the crossing of the ete~ bunches

c)a correct time difference  in both sides of the apparatus between si-
gnals from (S1 S9) and SgE(S'l S‘z',) and 83'3"_1 {see Fig, 1); ,

d) electromagnetic showers to be observed in the thick-plate chambers Cs,
Cé outside the magnet (see Fig, 1),

The luminosity monitor provided by the ete~ — ete- small an
gle (39 -69) scattering, as measured by the Adone machine group in a dif-
ferent interaction region of the storage ring, was used as a relative "fast"
‘monitor; the large angle ete- —# ete™ scattering rate detected in the ap
paratus at Vs=3.0 GeV provided the absolute cross-section dcale,

The ete~ results refer to an integrated luminosity £ =41,2
nb-1 collected in the total C. M. energy interval Vs =3084--3125 MeV,
The total number of ete- —» ete- detected events is 445,
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The radial source distribution of detected ete-—» ete~ events
ag obtained by using the information frommulliwire: proportional chambers
is shown in Fig, 2, At Adone the radial dimension of the source is ~1 mm.
The obsérved T 8mm gpread(¥. W. H. M. ) is due to wire chambers tesolu-
tion and multiple scattering in the vacuum chamber walls.
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FIG. 2 - Radial source distribution of ete- —» ete~ events,

The ete-— eTe~ rate integrated over the acceptance of the ex

perimental apparatus is shown in Fig, 3 as a function of V's. Only ete” pairs
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FIG. 3 - Energy dependence of eTe” — ete~ rate (}cos01= 0,7),

—— : QED expected rate (Montecarlo calculation);

--=~ : QED rate as derived from the best likelihood fit to the an-
gular distribution,
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in the angular interval ] cos 'Ql £0,7 have been used in the analysis: 8 is
defined as the angle between the outcoming and the incoming positron, The
full line in Fig, 3 shows the expected Bhabha gcattering contribution eva-
luated by a Montecarlo calculation taking into account the geometrlcal fea
tures of the apparatus and the effect of the extended source (=), At f 3.1
GeV total C, M. energy the Bhabha scattering detection efflclency of the
apparatus in the angular interval . - | cos 9' £0.7 is found to be 11%.

The angular distribution of ete- pairs detected in the appara-
tus is given in Figs, 4a, 4b, Fig, 4a shows the angular distribution of events
outside the resonance region, 3,5 MeV < Js — M <20 MeV; Fig, 4b shows
the angular distribution inside the resonance region, | Ve - M| £3.5 MeV,
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FIG, 4 - Angular dlstrlbu-
401 L3 tions of detected ete” pairs,
® A The dashed lines show the
< 20l / behaviour obtained by the
£ ' maximum likelihood calcu-
° 1 L~ | lation, Angular distribution
£ 20, : I in the energy range:-a) 3.5
s ‘ } ol 1 Mevelys - M| <20 MeV
10 } . - (979 Bhabha. scattering);
i }/’,§ 1 b)lVs -M|£ 3.5 MeV (59%
7’ { { ‘Bhabha scattering).
0 1 3 , 1 .
-05 0 +05 cos?

(x) - At Adone the longitudinal distribution of the source, N(1), depends on the
energy according to

o N(1) = No exp (- 12/21%)
with -  1(cm) = 17E,3/2 (E4, GeV)
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The distribution of. Fig, 4a is well consistent with the expected Bhabha scat
tering behaviour and that of Fig, 4b appears to be consistent with the (1 +
cos20) behaviour expected for a spin - one particle, We have evaluated by a
maximum likelihood procedure the relative amounts of Bhabha scattering
and resonant contribution in these angular distributions, A distribution of
the type

aB(8) + (1 - a) R(8)

has been used where a is a free parameter and B(6), R(8) are the Bhabha
scattering and resonant contributions respectively as seen by the apparatus.
Since the energy spread of the beams is quite large with respect to the na-
tural width of the resonance interference effects between resonant and non
resonant contribution$should be very.small and have been neglected, The
relative amounts of Bhabha scattering outside and inside the resonance re

gion as determined by the maximum likelihood calculation are givenin Ta-
ble I,

TABLE 1
’ n: fraction of Bhabha 2
Energy Interval (MeV) scattering 2¢/d. 1,
3.5< (/s - 3103)¢ 20 - +0, 03
1)| -3.5> (Vs - 3103)> -20 g 0.97 0.14 8/13
-8.5& (Vs - 3103)¢ 3.5 0,590, 07 14/13
2) 1 -20 ¢ (Vs -3103) < 20 0. 70 +0, 06

From the fraction a = 0, 7040, 06 (Table I.-2) the rate of Bhabha scatte-
ring in the experimental apparatus turns out to be 9, 7+ 1, 4 nb (dashed 1i
ne in Fig, 3) in good agreement with the prediction of the Montecarlo cal
culation which gives 10,5 £ 0, 4 nb.

The ete-—» ete~ cross sections integrated over the angular
interval Icos 9| £0.7 is shown in Fig, 5. The dashed line in Fig, 5, shows
the energy dependence of the cross section obtained by folding a Breit-Wi
gner cross section modified for radiative correction effects(3) with the
Gaussian beam energy distriibution(x)., The experimental value of the re-
sonant total cross section integrated over the energy interval -3.5 MeV<
<(V's - M) ¢ 4.5 MeV after having applied radiative corrections (1,52 cor

(x) - At Adone the energy spread of the beams at Ve = 3.1 GeV is
Ty =3 MeV (F, W. H, M, ).



o ctesete”
G‘b) I/‘\\
l,'“L [cosH{<507
i
i
1
150 - I:L A& \‘
1
! \
] i
I L o]
] \
\
A
) \ Do s
100 | R
rmasnnn ]
50 1.
L I L l - I 1 ’ l L
3100 3110 3120 V& (MeV)

3090
FIG.5 - Cross section for ete-— ete”, integrated over the inter
val [cos 6] £0.7, vs., the total C. M. energy.

rection factor) turns out to be
+o- +eo- 2
08 (68" ag /% < (8.2 £ 2.2) 107 nb. Mev
I Res
A (1 +cos26,) angular distribution has been assumed in order to evaluate
the total cross section, By using the following equation which relates the
energy integral of the cross section 0% €~ to the mass and decay widths

of the resonance,
Ge*‘e" ) 2n2(2J +1) P%
I M2 Fp
taking J=1 and M=3103%) we obtain
g |
—= = (0,344 + 0, 093) KeV
I'p

The quoted error j’méludes the systematic uncertainties in the detection ef-

ficiency and in the monitor calibration,

(%) - An estimate of the uncertainty in the absolute energy calibration
gives an error of T 6 MeV on the quoted J/¥ mass,
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Events from the reaction ete"—» ut yu~ are requested to satisfy
criteria a) to ¢), and in addition are identified by the absence of interactions
in the thick plate spark, chamber Cg and C3 (Fig. 1) and by momentum mea
surernent. A total of 149 u' - events have been used in the present work in
the energy interval Vs = = 3095--3108 MeV corresponding te an integrated lu -
minosity d=39,5nb-1, Cosmic ray and hadron pairs contaminationsarecom
pletely negligible,

The angular distribution of detected wt w~ pairs integrated in the
energy interval Vs =309823108 MeV is shown in Fig: 6, Data have been cor
rected for the detection efficiency of the apparatus and appear to be consi-
stent with a (1 +cos?8) angular distribution which is also shown in Fig, 6 as
a dashed line; (xz/degreﬁe of freedom 221, 0), The forward-backward asymme
try averaged over the energy interval Ve= 309823108 MeV turns out to be

- 0,03 £0.00.

The analysis of possible energy dependent effects on the asymmetry(4) is in
progress,
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FIG, 6 - Angular distribution of whu- pairsintegrated over the ener

gyinterval s = 3098 <+ 3108 MeV, Data are corrected for detec-

tion efficiency,8 is the angle between the outcoming ,u and the in

coming et, The dashed line represents the 1+ cos20 angular
~ distribution,.
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The ete —» ,u"f,;,‘ total cross section is given in Fig, 7as a a
function of the total C. M. energy v's. A (1 + cos26) angular distribution
has been assumed in order to evaluate the total cross section (5, 3% geome
trical detection efficiency). The full line in Fig, 7 shows the expected QED
level; the dashed line shows the energy behaviour of the cross;section ob-
tained by folding a Breit-Wigner cross section with radiative effects and

the Gaussian beam energy distribution,
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The total ete™—» yﬂ',u,“ integrated cross section after radiative

corrections (1, 56 correction factor) is found to be

+- 1/
il ol (3 ds'lf 2. (9.0 + 1.3) 102 nb-MeV
I Res

which gives

Te I :
SE. 2 (0,379 £ 0. 049) KeV
Ip

For the ratio Ii;/I'y we therefore obtain:

Tu 10 +£0. 18
Fe - .- :t . ]



The results on partial decay widths are summarlzed in Table
II, Inorder to derive I, I's I'yygpone? the value O’}—I 9.2 1,9nb.GeV
has been used&‘(l), This value of the 92 = J/TI’ (3100) —» hadrons cross
section takes into account radiative corrections(3) (not applied in ref, (1))
and a more precise evaluation of multihadron detection efficiencies, Finally
the results given in Table II have been obtained under the assumption Lp =
= Ty + Fp + Ty

TABLE 11

FZ/FT = 0.34 +0.09 KeV
IeI,/Tp = 0.38 £0.05 KeV
wl/lTeg = 1.10+0,18

Iy = 4.6 £1.0 KeV
Ty = 5.0 +1,0 KeV
H = 50 +25 KeV
Iy = 60 +25 KeV

We wish to thank the many people who worked in the early stages

of this experiment, We are also extremely gratefull to the Adone machine
staff,
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